INTRODUCTION
Physical appearance plays a key role in human social interaction. 1 Attractive people enjoy numerous social benefi ts because of their beauty, in fact Dion et al. 2 found a 'what is beautiful is good' stereotype. Support for this proposition has been provided by Eagly et al. 3 who, in a meta-analysis of studies, found that attractive people are perceived as more popular, sociable, and extraverted, as well as sexually assertive, and happy. Recent work has found that good-look ing people are perceived to be of higher intelligence and integrity than their counterparts rated as less attractive. Physical appearance similarly has an impact on success in relationships. This effect is apparent from the fi rst meet ing, although there are gender differ ences. Berry and Miller 5 surreptitiously filmed 51 unacquainted male-female couples and then asked the participants and neutral observers to rate the inter action. Participants' personality traits were also measured. They found wom en's physical attractiveness -but not their personality scores -predicted their own, the male stranger's, and independ ent observers' evaluations of the inter action. Conversely, men's personality scores -extraversion in particular -pre dicted their own and observers' ratings of the interaction. This suggests that the women's appearance was important to how satisfied men were with the inter action, but the men's appearance was not important to how satisfi ed women were with the interaction. Evolutionary theories of interpersonal attraction such as Triver's parental investment model 6, 7 offer an explanation of the fi nding that men attach higher value to physical attractiveness in a mate than women. This model proposes that women are more likely to seek a mate based on cues which indicate resource acquisition skills since these will increase the chances of their offspring surviving.
The appearance of the smile and teeth are important features determining the attractiveness of a face. The signifi cance of the mouth is thought to be connected to its importance in social interactions. 8 For example, a good dental appearance is regarded as important in certain pres tigious or highly visible professions. 9 However, the impact of dental appear ance goes beyond the attractiveness of a face, to affect others' perceptions about the personal traits of the person. In a study by Shaw 10 the infl uence of chil dren's dento-facial appearance on their social attractiveness was investigated. Children with a normal dento-facial appearance were judged to be better looking, more desirable as friends, and more intelligent. Shaw concluded that dental appearance infl uences the per ception of individuals of both genders. Previous work in the area of the social importance of dental appearance has often been limited by asking partici pants to rate individuals with contrast ing features. 11, 12 However, this did not allow researchers to control for facial features not of interest to the hypothesis. The advent of digital photography allows researchers to manipulate key aspects of an image, such as the teeth, while hold ing all other features constant. A number of studies have used methodology based on the manipulation of images to inves tigate the impact of dental appearance on social judgements. That is, they have used photographs showing a different dental appearance within otherwise standardised photographs of individu als. Such studies have demonstrated that people are perceived more favour ably over a range of judgements, includ ing numerous personality traits, when they have normal dentition as opposed to abnormal tooth colour (caused by caries or severe dental fl uorosis) or tooth arrangement. 10, [13] [14] [15] [16] [17] [18] [19] The purpose of this study was to deter mine the relationship between tooth col our and social perceptions. Specifi cally it sought to determine whether tooth discolouration had a negative impact on social perceptions, and if in contrast, tooth whitening had a positive impact on social perceptions in comparison to the natural tooth colour. If tooth whiten ing does improve social perceptions then this could be used to inform dental pub lic health policy regarding tooth whiten ing procedures.
METHOD
The Ethics Committee of the Institute of Psychiatry, King's College London, approved the current study.
A cross-sectional design was used. Participants viewed a single image from a possible range of six images. There were two independent variables: 1) dental status, divided into three levels that included whitened teeth, original teeth and decayed teeth; and 2) gender of face. The dependent variables were scores given on scales designed to meas ure the four personality measures under investigation. 
Participants
Participants were 180 female dental patients recruited from a dental practice in South London.
Materials

Photographs
In total six photographs of subjects smil ing in a way that exposed their anterior teeth were used. Subjects were one adult Asian male and one adult Asian female (the ethnic origin of both subjects was the Indian subcontinent, see Fig. 1 ) whose dental appearance was subse quently modified. Three dental statuses were created for each subject using dig ital modifi cation. These were: 1. Whitened, flawless teeth (DS1) 2. Unmodified original teeth (DS2) 3. Digitally modified decayed teeth (DS3).
All facial features were standardised apart from the condition of the teeth. Jewellery and glasses were not worn, and the background was kept constant.
Questionnaire
The questionnaire comprised partici pants' demographic details plus info rmation on their level of education, fre quency of attendance at the dental prac tice, and a self-rating of their oral health. Following this, participants rated one of the photographs in each of four areas: social competence (SC), intellectual abil ity (IA), psychological adjustment (PA), and relationship satisfaction (RS). There were three items for each of these con structs and participants responded by indicating, on a five point Likert scale, the extent to which they perceived the subject in the photograph to possess cer tain characteristics. For example, under the category social competence, one item asked 'How friendly does the individual appear?' The participant could chose from 'very unfriendly' (0), 'quite unfriendly' (1), 'indifferent' (2), 'quite friendly' (3) and 'very friendly' (4) (see Appendix A for the full list of items). These scales were taken from Newton et al. 13 Cronbach's coefficient test was used to determine the internal consistency of the scales used for each characteristic category. Substantial consistency was found within the scales of the categories SC (alpha = 0.86), IA (alpha = 0.90) and RS (alpha = 0.82), but the category PA (alpha = 0.61) was found to show only moderate internal consistency, although this is not unusual when a scale has fewer than ten items. 20 Analysis of variance (ANOVA) was used to determine the effect of the inde pendent variables on the personality scale scores.
Procedure
Participants were approached in the waiting room of the dental surgery before their appointment and the study was explained to them. After obtaining their consent participants were shown one of the photographs and then given the questionnaire to complete. Each pho tograph was assigned a number from 1 to 6 and participants were randomly allo cated to one of the photographs before they were approached. Participants were initially told the purpose of the study was to explore 'how we make judge ments about people'. The true purpose of the study was only explained after respondents had given their ratings.
RESULTS
One hundred and eighty of the 201 dental patients approached agreed to participate (a response rate of 90%). All participants were female and the aver age age was 24.3 years old (SD = 3.9). The majority had been educated to A level standard or higher (77%), and rated their oral health as 'good' or better (73%). The socio-demographic charac teristics of participants are summarised in Table 1 . Comparisons were made of all socio-demographic characteristics across all six experimental groups. None of the characteristics (ethnicity, educa tion level, self-rated oral health, dental attendance) showed a signifi cant effect (all p >0.05). Table 2 shows the mean ratings of social competence, intellectual ability, psychological adjustment, and relation ship satisfaction across the six experi mental groups.
One-way ANOVA found signifi cant differences in ratings of all characteris tics across the dental status variable (see Table 2 ). In order to explore this effect further, four General Linear Models were run. General Linear Model is a general formula which describes a score as a sum of a constant, the weighted infl uence of several variables, and error. It is simi lar to a multiple regression equation, but differs in that the error is included and the sum of influences is the actual score (rather than the predicted score) on the dependent variable. 21 The models were tested with the following dependent variables: tooth appearance (three levels -decayed, original, whitened), gender of image (two levels -male, female), age of participant (entered as a covariate), eth nicity (two levels -white, other), level of education (three levels -up to GCSE, up to A-level, up to tertiary), self-rated oral health (three levels -poor or fair, good, excellent), and dental attendance (three levels -only when in trouble, occasion ally, regularly). Only one interaction term (dental status* gender of image) was explored in the model, since the sample size was not sufficient to explore the full factorial model with the number of variables. The results of these models are summarised in Table 3 .
As can be seen from Table 3 , the only significant variable was dental status, and it was highly signifi cant across all four personality measures. The gender of the photograph did not have any effect either as a main effect or as an interac tion term with dental status. None of the participants' socio-demographic charac teristics had any effect on the personal ity ratings they gave to the images. Table  4 gives the estimated marginal means for the three levels of dental status.
DISCUSSION
The findings of the current study showed participants responded to the pres ence of discoloured teeth with poorer ratings of social competence, intellec tual ability, psychological adjustment and relationship status. This supports previous work in this area which has shown tooth discolouration negatively impacts on perceptions of personality traits and characteristics 13,14,16,18,19 and also extends it by demonstrating that individuals with whitened teeth are given higher ratings than individuals shown with their original tooth colour. Further to this, a recent survey run on behalf of the American Academy of Cosmetic Dentistry 22 found that when rating pho tographs of strangers favourable percep tions increased across a broad range of traits after cosmetic dentistry compared to before the dentistry (the cosmetic pro cedures were not specifi ed). Perceptions of attractiveness, popularity with the opposite sex, wealth, and career success showed the greatest improvement, but perceptions of how intelligent, happy, friendly, interesting, kind, and sensi tive to other people the subject was also increased. These findings have impor tant implications for dentistry, which has largely focussed on the functional aspects of health. It appears, based on the current and previous research, that poor dental appearance may lead others to judge people negatively over a range of personality categories. This could clearly have implications for any number of social interactions, including roman tic relationships, friendships and even career prospects. Given this, it seems likely that increasing numbers of dental patients will request tooth whitening, and other cosmetic procedures. Therefore dentists and dental policy should be pre pared to either perform increasing num bers of these procedures, or be prepared to refuse them to patients who want them to be provided by the NHS.
While the present study focused on the social consequences of dental appear ance, there is already some evidence that individuals' satisfaction with their own appearance may be affected by out- Table 4 Estimated marginal means of personality assessment scores for groups defi ned by dental status from General Linear Model side factors, and that satisfaction with their appearance is important for their psychological well being. Psychologi cal research into body satisfaction has suggested that mass media standards of attractiveness can be internalised by the viewer and thus exacerbate body dis satisfaction. [23] [24] [25] Moreover, recent work has shown that orthodontic and orthog nathic patients display more facial dis satisfaction after viewing idealised images of facial photographs than con trols, 26 which suggests media standards of dental appearance may infl uence individuals' satisfaction with their own appearance, and by doing so impact on their well being. This may explain why the photos of individuals with whitened teeth are ascribed more favourable rat ings across the personality traits: indi viduals may be guided in their ratings by the values portrayed in media images of perfect smiles. It is also possible that the desire for an enhanced appearance, such as whitened teeth, is driven by evo lutionary processes 27 and that the media merely amplifies, rather than causes this preference.
The fact that the results indicated tooth whitening was appraised more positively than normal dentition may be instructive for the dental profession in terms of the future requests for treat ment. Balancing patients' psychological well being with their cosmetic desire for a perfect smile and possibly unrealistic expectations may become an impor tant challenge for dentistry and for the National Health Service and other healthcare providers.
Limitations of the present study
The sample used was not representative of the general population of the UK. They were all female and tended to be younger and better educated than the general population. Moreover, they were all den tal patients recruited from the waiting room of a dental surgery, and are there fore more likely to have been focussed on the dental appearance of the photographs than the general population.
While it was interesting to consider the female perspective since psychological research on body satisfaction has found females tend to be more sensitive regard ing their own appearance than males, 28 this does reduce the extent to which these fi ndings can be applied to the gen eral population. Furthermore, since all of the participants were dental patients they would be expected to be aware of dental decay and to know that it is asso ciated with poor oral hygiene. This may have created a bias in those participants who viewed the decayed images, as they could have made judgements based on their knowledge of dental decay (they may have assumed the subject had poor oral hygiene). It would be interesting to examine a similar group of participants in their appraisals of varying degrees of a condition such as dental malocclusion. Since malocclusion does not result from dental neglect, participants' knowledge of oral hygiene would not be relevant to their judgements. However, the advantage of a dental sample over the general public and student samples used in previous research is that it provides an insight into the views of a group who might reasonably be expected to be cognitively 'cued' towards dental appearance.
In addition to potential limitations with the participants used, there was also a limited spectrum of personal characteristics on which the partici pants were asked to appraise the sub ject faces. Had qualities regarding the 'darker side of beauty' been available to the participants (for instance 'how vain is the individual likely to be?'), a more comprehensive picture of the over all perceptions of dental appearance could have been reached. In addition to the personal characteristics used the photographs were of subjects of a differ ent ethnic origin to the majority of the respondents and this may also have had an impact on judgements about personal characteristics.
Future research
To examine the field of perceptions of den tal appearance in more depth, larger sam ples from across the UK and from overseas countries would need to be studied. These samples should be more representative of the general population, ie include males, non-dental patients, plus a greater propor tion of older participants and participants less well educated than our sample. And since a city practice was used it would be beneficial to recreate the study in a rural area.
It could also be valuable to recreate the study with different dental condi tions, for instance incisal crowding, fluorosis and overbites, which would allow further study of the possibility that negative appraisals are made about caries on the basis of assumed poor oral hygiene. Finally, other personality cat egories could be included to examine the 'darker side of beauty'. Recent stud ies by Williams et al. 18, 19 found both severe dental fluorosis and caries were associated with a wide range of person ality traits and it would be interesting to identify any negative implications of being attractive and having a sound dental appearance.
SUMMARY
Dental decay was found to be associ ated with lower levels of social compe tence, intellectual ability, psychological tion. It was also associated with lower ratings of physical attractiveness. This may be due to negative beliefs about dental decay, such as its link with poor oral hygiene. A sound or whitened den tal appearance was related to positive appraisals and higher attractiveness, and whitened tooth appearance appeared to be preferred to unmodifi ed enamel. This may be caused by media infl uences, particularly since the participants were young adults, who may be more vul nerable to the effects of the media than older generations. Taken together these findings suggest the 'what is beautiful is good' stereotype is applicable to dental appearance.
